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(54)  Sound  absorbing  aircraft  transparency  and  method  of  making  same 

(57)  The  present  invention  relates  to  a  vibration 
dampening/sound  absorbing  aircraft  transparency  (20) 
which  includes  an  outboard  pane  assembly  (26),  a 
vibration  dampening/sound  absorbing  pane  assembly 
(28)  and  a  spacer  frame  assembly  (30)  for  retaining  the 
outboard  pane  assembly  (26)  and  the  vibration  damp- 
ening/sound  absorbing  pane  assembly  (28)  in  spaced- 
apart  generally  parallel  facing  relationship  to  provide  a 
space  (32)  therebetween.  The  vibration  dampen- 
ing/sound  absorbing  pane  assembly  (28)  is  a  multilayer 
laminate  which  includes  a  substrate  (40),  an  adhesive 
interlayer  (42)  provided  over  a  surface  of  the  substrate 
(40)  and  a  sound  dampening  material  layer  (44)  pro- 
vided  over  the  adhesive  interlayer  (42)  and  adhered  by 
the  adhesive  interlayer  (42)  to  the  substrate  (40).  In  an 
alternative  embodiment,  the  aircraft  transparency  (60) 
of  the  present  invention  includes  in  addition  to  the  fore- 
going,  a  transparent  electroconductive  coating  (64) 
interposed  between  the  adhesive  interlayer  (42)  and  the 
substrate  (40)  and  facilities  (66,68)  in  contact  with  the 
electroconductive  coating  (64)  to  pass  a  current  through 
the  electroconductive  coating  (64)  to  heat  the  coating 
sufficiently  to  remove  or  to  prevent  the  accumulation  of 
fog,  ice,  frost  and  the  like  on  the  aircraft  transparency 

CM  (60). 
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Description 

FIELD  OF  THE  INVENTION 

This  invention  relates  to  an  aircraft  transparency  s 
and  more  particularly  to  an  aircraft  transparency  having 
vibration  dampening/sound  absorbing  properties, 
optionally  heating  properties,  and  to  the  method  of  mak- 
ing  the  same. 

10 
DISCUSSION  OF  THE  PRESENTLY  AVAILABLE 
TECHNOLOGY 

The  transmission  of  unwanted  sound/vibrations 
through  an  aircraft  transparency  and  into  the  aircraft,  in  15 
particular  the  aircraft  cabin,  is  undesirable,  and  may 
cause  discomfort  to  the  cabin's  occupants.  Efforts  have 
been  made  to  reduce  the  transmission  of  sound/vibra- 
tions  through  aircraft  transparencies.  Such  efforts  have 
been  generally  directed  to  transparencies  having  sev-  20 
eral  panes  (e.g.  four  or  more  panes)  maintained  in 
spaced-apart  relationship  within  a  spacer-frame  assem- 
bly,  which  spacer  frame  assembly  is  affixed  to  a  corre- 
sponding  opening  in  the  body  of  the  aircraft.  The 
spaced  panes  provide  a  plurality  of  airspaces  therebe-  25 
tween,  which,  among  other  things,  reduce  or  eliminate 
the  transmission  of  external  sound/vibrations  through 
the  transparency  into  the  cabin. 

While  generally  effective,  such  transparencies  are 
costly  and  time  consuming  to  manufacture.  Further,  30 
such  transparencies  are  heavy  due  to  the  fact  that  they 
require  several  panes,  and  as  may  be  appreciated  by 
those  skilled  in  the  art  of  aircraft  manufacture,  increased 
weight  in  aircraft  components  is  undesirable  because, 
among  other  reasons,  it  adds  expense  to  the  operation  35 
of  the  aircraft. 

In  the  automotive  industry,  there  have  been  efforts 
to  improve  the  comfort  of  automobile  passengers  by 
reducing  transmission  of  unwanted  noise  through  the 
automobile's  glass  surfaces  into  the  passenger  com-  40 
partment.  Unlike  the  aircraft  industry,  such  efforts  in  the 
automotive  industry  have  generally  not  relied  upon  a 
plurality  of  spaced-apart  panes  to  obtain  the  desired 
reduction  in  noise  transmission.  Rather,  these  efforts 
have  been  largely  directed  toward  the  windshield,  which  45 
is  generally  a  laminate  of  two  glass  sheets  with  one  or 
more  interlayers  therebetween.  Efforts  to  produce 
acoustically  insulating  windshields  have  generally  been 
directed  to  identifying  interlayer  materials  or  combina- 
tions  of  interlayer  materials  to  provide  the  windshield  so 
with  the  desired  sound  absorbing  properties.  Examples 
include  European  Patent  Application  Nos.  EP  0  566  890 
A1  ,  and  EP  0  763  420  A1  ,  all  of  which  describe  lami- 
nated  automotive  glazing  for  acoustic  insulation. 

It  is  the  object  of  the  invention  to  provide  aircraft  55 
transparencies  which  reduce  or  eliminate  the  transmis- 
sion  of  sound  and/or  vibrations  through  the  transpar- 
ency  which  eliminate  the  limitations  of  the  presently 

available  transparencies. 
This  object  is  attained  by  a  two-paned  aircraft  trans- 

parency  with  vibration  dampening/sound  absorbing 
capabilities.  The  aircraft  transparency  includes  an  out- 
board  pane  assembly  maintained  in  spaced  relationship 
to  an  inboard  vibration  dampening/sound  absorbing 
pane  assembly  by  a  spacer  frame  assembly  to  form  a 
space  therebetween.  The  vibration  dampening/sound 
absorbing  pane  assembly  preferably  includes  a  sub- 
strate  having  a  major  surface,  and  a  sound  dampening 
material  layer  adhered  to  the  major  surface  of  the  sub- 
strate  by  an  adhesive  interlayer  deposited  over  at  least 
a  portion  of  the  major  surface  of  the  substrate. 

In  an  alternative  embodiment,  the  aircraft  transpar- 
ency  of  the  present  invention  includes  in  addition  to  the 
foregoing,  a  transparent  electroconductive  coating  inter- 
posed  between  the  adhesive  interlayer  and  the  sub- 
strate  and  facilities  in  contact  with  the  electroconductive 
coating  to  flow  an  electrical  current  to  the  electrocon- 
ductive  coating  to  heat  the  coating  to  remove  or  to  pre- 
vent  the  accumulation  of  fog,  ice,  frost  and  the  like  on 
the  aircraft  transparency. 

BRIEF  DESCRIPTION  OF  THE  FIGURES  OF  THE 
DRAWING 

Fig.  1  is  perspective  view  of  a  multiple-glazed  air- 
craft  transparency  incorporating  features  of  the  present 
invention. 

Fig.  2  is  a  cross-sectional  view  of  the  aircraft  trans- 
parency  of  Fig.  1  taken  along  the  line  ll-ll  in  Fig.  1  . 

Fig.  3  is  a  view  similar  to  the  view  of  Fig.  2  illustrat- 
ing  an  alternative  embodiment  of  the  present  invention. 

Fig.  4  is  a  view  similar  to  the  view  of  Fig.  illustrating 
still  of  another  alternative  embodiment  of  the  present 
invention. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

In  the  following  description,  like  elements  bear  like 
reference  numerals.  Further,  while  the  following  discus- 
sion  is  primarily  directed  to  using  the  transparency  of 
the  present  invention  as  an  aircraft  transparency,  as 
may  be  appreciated,  the  invention  is  not  limited  to  any 
specific  use,  and  the  invention  may  be  used  to  provide  a 
sound  dampening  transparency  wherever  such  a  trans- 
parency  would  be  useful,  including  but  not  limited  to 
structures  such  as  building  structures  and/or  any  type  of 
land,  air,  space  or  water  vehicle/craft. 

Referring  now  to  Figs.  1  and  2,  there  is  shown  the 
aircraft  transparency  20  incorporating  features  of  the 
present  invention.  The  outboard  direction  of  the  aircraft 
relative  to  aircraft  transparency  20  is  shown  by  the 
arrow  22  and  the  inboard  direction  of  the  aircraft  relative 
to  aircraft  transparency  20  is  shown  by  the  arrow  24. 

Aircraft  transparency  20  includes  an  outboard  pane 
assembly  26  held  in  spaced-apart  substantially  parallel 
facing  relationship  with  a  vibration  dampening/sound 
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absorbing  pane  assembly  28  by  a  spacer  frame  assem- 
bly  30  forming  an  airspace  32  therebetween.  As  may  be 
appreciated,  spacer  frame  assembly  30  is  not  limiting  to 
the  invention  and  may  be  of  any  of  several  types  known 
in  the  art.  The  spacer  frame  assembly  30  shown  in  Fig.  5 
2  includes  an  optional  frame  31  which  surrounds  a  gas- 
ket  33.  The  gasket  33  may  be  any  gasket  material 
known  in  the  art  to  hold  outboard  pane  assembly  26  in 
spaced  relationship  to  vibration  dampening/sound 
absorbing  pane  assembly  28.  A  preferred  gasket  mate-  w 
rial  is  rubber.  The  frame  31  may  be  made  of  any  struc- 
turally  stable  material  and  is  preferably  made  of  a  metal, 
e.g.  aluminum,  and  operates  to  protect  gasket  material 
33  from  damage  and  to  provide  additional  structural  sta- 
bility  to  aircraft  transparency  20.  The  gasket  33,  frame  75 
and  pane  assemblies  28  and  30  are  assembled  in  any 
convenient  manner  to  provide  the  window  20. 

The  airspace  32  among  other  things,  provides  ther- 
mal  insulation  between  the  atmosphere  external  of  the 
aircraft  cabin  and  the  atmosphere  within  the  cabin.  The  20 
airspace  32  may  be  in  fluid  communication  with  the 
atmosphere  external  of  the  airspace  (i.e.  an  unsealed 
unit)  or  it  may  not  be  in  fluid  communication  with  the 
atmosphere  external  of  the  airspace  (i.e.  a  sealed  unit), 
although  an  unsealed  unit  is  generally  preferred  in  order  25 
to  prevent  a  pressure  build-up  within  the  airspace  during 
flight. 

Whether  a  sealed  or  unsealed  unit,  it  is  desirable  to 
ensure  that  the  airspace  remains  free  of  moisture,  and 
a  desiccant  may  be  associated  with  airspace  32  for  that  30 
purpose  in  any  manner  known  in  the  art.  In  lieu  of  or  in 
addition  to  the  desiccant,  one  or  more  of  the  surfaces  of 
the  aircraft  transparency  in  contact  with  the  airspace  32 
may  be  coated  with  functional  coatings  including,  but 
not  limited  to  coatings  to  remove  moisture  or  surface  35 
contaminants  such  as  photocatalytically-activated  self- 
cleaning  coatings  (PASC  coating). 

The  PASC  coating  may  be  any  coating  which  is 
photocatalytically  activated  to  be  self-cleaning  and 
which  can  be  deposited  by  the  CVD  method,  the  spray  40 
pyrolysis  method  or  the  MSVD  method.  For  example  but 
not  limiting  the  PASC  coating  may  include  one  or  more 
metal  oxides  such  as  titanium  oxides,  iron  oxides,  silver 
oxides,  copper  oxides,  tungsten  oxides,  zinc  oxides, 
zinc/tin  oxides,  strontium  titanate  and  mixtures  thereof.  45 
The  metal  oxide  may  include  oxides,  super-oxides  or 
sub-oxides  of  the  metal. 

A  preferred  PASC  coating  is  a  titanium  dioxide  coat- 
ing.  Titanium  dioxide  exists  in  an  amorphous  form  and 
three  crystalline  forms,  namely  the  anatase,  rutile  and  so 
brookite  crystalline  forms.  Anatase  phase  titanium  diox- 
ide,  is  preferred  because  it  exhibits  strong  PASC  activity 
while  also  possessing  excellent  resistance  to  chemical 
attack  and  excellent  physical  durability.  Further,  anatase 
phase  titanium  dioxide  has  high  transmission  in  the  vis-  ss 
ible  region  of  the  spectrum  which  gives  thin  coatings  of 
anatase  titanium  dioxide  with  excellent  optical  proper- 
ties.  The  rutile  phase  of  titanium  dioxide  also  exhibits 

PASC  activity.  Combinations  of  the  anatase  and/or  rutile 
phases  with  the  brookite  and/or  amorphous  phases  are 
acceptable  for  the  present  invention  provided  the  combi- 
nation  exhibits  PASC  activity. 

The  PASC  coating  must  be  sufficiently  thick  so  as  to 
provide  an  acceptable  level  of  PASC  activity.  In  general, 
thicker  PASC  coatings  provide  higher  PACS  activity. 
However,  other  considerations  may  weigh  toward  a  thin- 
ner  coating,  e.g.  thinner  coatings  are  preferred  when 
the  article  is  to  have  high  transmission  for  aesthetic  or 
optical  reasons;  the  surface  contaminants  on  the  sur- 
face  of  the  article  are  easily  removed  with  a  thinner 
PASC  coating.  For  a  wide  variety  of  applications,  it  is 
preferred  that  the  PASC  coating  is  at  least  about  0.0020 
urn  (200  Angstroms),  preferably  at  least  about  0.0040 
urn  (400  Angstroms)  and  more  preferably  at  least  about 
0,0050  urn  (500  Angstroms),  but  not  more  than  1  urn 
thick. 

The  photocatalytically  activated  self-cleaning  coat- 
ing  may  have  a  photocatalytic  reaction  rate  of  at  least  2 
x  1  0"3cm"1  min"1  to  about  5  x  1  0"3cm"1  min"1  . 

Another  functional  coatings  are  for  example  photo- 
electrolytically  desiccating  coatings  (PED  coating) 
which  is  provided  over  at  least  a  portion  of  at  least  one 
of  the  interiors  surfaces  of  the  transparency  and  which 
coatings  function  to  desiccate  the  airspace  by  promot- 
ing  the  photoelectrolysis  of  moisture  present  in  the  air- 
space  and  accumulated  over  the  interior  surfaces  into 
hydrogen  and  oxygen  gas  when  the  coating  is  exposed 
to  actinic  radiation. 

The  PED  coating  may  be  overcoated  or  under- 
coated  with  a  hydrophilic  coating  which  hydrophilic  coat- 
ing  functions  to  draw  moisture  from  the  airspace  to  the 
PED  coating  to  increase  the  contact  between  moisture 
present  in  the  airspace  and  the  PED  coating  in  order  to 
increase  the  rate  and  efficiency  of  the  photoelectrolysis 
process. 

Said  photoelectrolytically-desiccating  coating  may 
be  a  metal  oxide  selected  from  the  group  consisting  of 
titanium  oxides,  iron  oxides,  silver  oxides,  copper 
oxides,  tungsten  oxides,  aluminum  oxides,  silicon 
oxides,  zinc  oxides,  zinc  stannates,  molybdenum 
oxides,  strontium  titanate  and  mixtures  thereof. 

Said  hydrophilic  coating  may  be  selected  from  the 
group  consisting  of  alumina,  silica,  aluminates,  silicates, 
aluminosilicates  and  mixtures  thereof. 

To  avoid  poisoning  of  these  functional  coatings  by 
migration  of  ions  from  the  substrate  into  the  coatings  a 
diffusion  barrier  layer  may  be  provided.  Said  layer  is  a 
metal  oxide  selected  from  the  group  consisting  of  cobalt 
oxides,  chromium  oxides,  iron  oxides,  tin  oxides,  silicon 
oxides,  titanium  oxides,  zirconium  oxides,  fluorine 
doped  tin  oxides,  aluminum  oxides,  magnesium  oxides, 
zinc  oxides,  magnesium/aluminum  oxides,  zinc/tin 
oxides  and  mixtures  thereof. 

Where  airspace  32  is  sealed,  the  airspace  may  be 
fully  or  partially  filled  with  an  insulating  gas  such  as  air, 
argon,  krypton  or  mixtures  thereof. 
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While  the  dimensions  of  airspace  32  are  not  limiting 
to  the  invention  provided  airspace  32  provides  the  ther- 
mal  insulation,  for  an  aircraft  transparency  having  over- 
all  dimensions  of  about  51  cm  (20  inches)  in  width  by 
about  64  cm  (25  inches)  in  height  with  an  overall  thick-  5 
ness  in  the  range  of  about  3.8  to  6.4  cm  (1.5  to  2.5 
inches),  an  airspace  thickness  in  the  range  of  about 
2.54  to  5.08  cm  (1.0  inch  to  2.0  inches),  is  acceptable. 

Outboard  pane  assembly  26  may  be  a  monolithic 
piece  or  it  may  be  a  laminate  piece.  The  laminate  piece  10 
may  include  laminates  of  two  or  more  panes  of  glass  or 
plastic,  which  may  additionally  include  one  or  more 
interlayers  disposed  between  the  panes  or  the  laminate 
may  include  the  combination  of  a  single  pane  and  one 
or  more  interlayer  materials  laminated  thereon  to  form  is 
the  outboard  pane  assembly  26.  The  glass  panes  may 
be  chemically  or  thermally  tempered.  Suitable  plastic 
panes  include  cast  acrylics,  stretched  acrylics,  and 
polycarbonates.  Suitable  interlayer  materials  include 
polyvinyl  butyral,  urethanes,  silicones  and  combinations  20 
thereof. 

Outboard  pane  assembly  26  may  be  flat  or  may 
include  one  or  more  curved  surfaces  including  convex 
and  concave  curved  surfaces.  Additionally,  outboard 
pane  assembly  26  may  include  one  or  more  films  or  25 
coatings  deposited  on  one  or  more  surfaces  in  order  to 
provide  the  aircraft  transparency  with  a  wide  variety  of 
performance  characteristics,  e.g.  but  not  limited  to 
antireflecting  coatings,  ultraviolet  absorbing  coatings, 
electromagnetic  radiation  coatings,  and  anti-abrasion  30 
coatings. 

In  a  preferred  embodiment  as  shown  in  Fig.  2,  out- 
board  pane  assembly  26  includes  a  first  stretched 
acrylic  ply  34  adhered  by  an  interlayer  36  to  a  second 
stretched  acrylic  ply  38.  The  interlayer  36  bonds  the  two  35 
stretched  acrylic  plies  34  and  38  together  to  provide  an 
assembly  that  has  less  deflection  due  to  aircraft  pres- 
surization  and  correspondingly  improved  service  life.  It 
also  provides  fail-safe  capability  since  each  of  plies  34 
and  38  are  designed  to  withstand  the  rigors  of  flight  40 
should  the  other  ply  fail  in  service.  The  interlayer  36  is 
preferably  plasticized  polyvinyl  butyral.  When  outboard 
pane  assembly  26  is  a  laminate  including  one  or  more 
convex  or  concave  surfaces,  the  interlayer  36  may  be 
differentially  stretched  e.g.  as  disclosed  in  U.S.-A-  45 
4,201,351  and/or  U.S.-A-4,554,713,  both  of  which  are 
hereby  incorporated  herein  by  reference.  Plies  34  and 
38  may  be  of  any  thickness;  however,  as  can  be  appre- 
ciated  by  those  skilled  in  the  art,  increasing  the  thick- 
ness  of  plies  34  and  38  beyond  that  needed  to  so 
withstand  the  rigors  of  flight  undesirably  increases  the 
weight  of  outboard  pane  assembly  26.  For  example  for 
many  applications,  a  thickness  for  ply  34  in  the  range  of 
about  0.79  to  1  .02  cm  (0.31  to  0.40  inch),  a  thickness  for 
ply  38  in  the  range  of  about  0.51  to  1  .02  cm  (0.20  to  55 
0.40  inch)  and  a  thickness  for  interlayer  36  in  the  range 
of  about  0.06  to  0.13  cm  (0.025  to  0.05  inch)  is  accept- 
able  to  withstand  the  rigors  of  flight  and  provide  the 

above-described  capabilities. 
Vibration  dampening/sound  absorbing  pane 

assembly  28  of  the  present  invention  is  a  multilayer  lam- 
inate.  As  shown  in  Fig.  2,  vibration  dampening/sound 
absorbing  pane  assembly  28  includes  substrate  40  over 
which  is  deposited  an  adhesive  interlayer  42  over  which 
in  turn  is  deposited  a  sound  dampening  material  layer 
44  to  form  vibration  dampening/sound  absorbing  pane 
assembly  28.  Adhesive  interlayer  42  adheres  sound 
dampening  material  layer  44  to  substrate  40,  while 
sound  dampening  material  layer  44  in  combination  with 
the  adhesive  interlayer  42  reduces  or  eliminates  or 
assists  in  the  reduction  or  elimination  of  the  transmis- 
sion  of  sound/vibrations  through  aircraft  transparency 
20.  Each  of  the  above-described  three  components  of 
the  vibration  dampening/sound  absorbing  pane  assem- 
bly  28  will  now  be  discussed  in  more  detail. 

The  substrate  40  may  be  any  substrate  compatible 
with  the  rigors  of  flight  and  which  cooperates  with  inter- 
layer  42  and  sound  dampening  material  layer  44  to 
reduce  or  eliminate  the  transmission  of  sound/vibrations 
through  aircraft  transparency  20.  The  substrate  40  may 
be  a  monolithic  piece  or  it  may  be  a  laminate  piece. 
When  the  substrate  40  is  a  laminate  piece  it  may 
include  laminates  of  two  or  more  panes,  which  may 
additionally  include  one  or  more  interlayers  disposed 
between  the  panes  or  the  laminate  piece  may  include 
the  combination  of  a  single  pane  and  one  or  more  inter- 
layers  laminated  together  to  form  the  substrate  40.  Suit- 
able  panes  for  either  a  monolithic  or  a  laminate 
substrate  40  include  panes  of  either  glass  or  plastic. 
The  glass  panes  may  be  chemically  or  thermally  tem- 
pered.  A  particularly  preferred  glass  is  a  chemically 
tempered  glass  available  from  PPG  Industries,  Inc.,  of 
Pittsburgh,  Pennsylvania,  under  the  trademark  Hercu- 
lite®  II.  This  glass  is  preferred  because  of  its  extremely 
high  strength  to  weight  ratio,  allowing  the  glass  sub- 
strate  to  be  thinner  and  lighter  than  thermally-tempered 
glass  without  compromising  strength  or  optics.  Suitable 
plastic  panes  include  cast  acrylics,  stretched  acrylics, 
and  polycarbonates.  Suitable  interlayer  materials 
include  polyvinyl  butyral,  urethanes,  silicones  and  com- 
binations  thereof. 

The  substrate  40  may  include  functional  coatings 
(e.g.  but  not  limited  to  infrared  radiation  attenuating 
coatings,  ultraviolet  radiation  attenuating  coatings, 
antireflective  coatings). 

The  substrate  40  may  be  flat  or  may  include  one  or 
more  curved  surfaces,  including  concave  and/or  convex 
surfaces.  The  thickness  of  substrate  40  is  not  limiting  to 
the  invention  provided  the  material  from  which  it  is 
formed  and  the  selected  thickness  cooperate  with  adhe- 
sive  interlayer  42  and  sound  dampening  material  layer 
44  to  provide  the  desired  or  required  degree  of  vibration 
dampening/sound  absorption.  As  can  be  appreciated 
by  those  skilled  in  the  art,  increasing  the  thickness  of 
the  substrate  40  beyond  the  foregoing  undesirably 
increases  the  weight  of  the  transparency.  Where  the 
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substrate  is  formed  of  Herculite  II®  chemically  tem- 
pered  glass,  a  thickness  in  the  range  of  0.15  to  0.30  cm 
(0.06  to  0.12  inch)  when  combined  with  the  polyvinyl 
butyral  adhesive  interlayer  and  SpallShield®  sound 
dampening  material  layer  described  below  has  been  5 
found  to  be  acceptable  for  many  applications. 

The  adhesive  interlayer  42  may  be  formed  any 
material  which  adheres  the  sound  dampening  material 
layer  44  to  the  substrate.  Examples  include  but  are  not 
limited  to  one  or  more  sheets  of  materials  selected  from  10 
plasticized  polyvinyl  butyral,  urethane  or  combinations 
thereof.  Where  substrate  40  includes  convex  or  concave 
surfaces,  the  adhesive  interlayer  42  may  be  differentially 
stretched  e.g.  as  disclosed  in  US-A-4,201,351  and/or 
4,554,713.  The  preferred  adhesive  interlayer  42  is  poly-  is 
vinyl  butyral  because  it  has  been  found  to  be  fully  com- 
patible  with  the  SpallShield®  sound  dampening 
material  layer  44  disposed  thereover  as  discussed 
below.  The  thickness  of  adhesive  interlayer  42  is  not 
limiting  to  the  invention;  however,  provided  it  should  be  20 
sufficient  to  adhere  sound  dampening  material  layer  44 
to  substrate  42  and  to  cooperate  with  substrate  40  and 
sound  dampening  material  layer  44  to  provide  the 
desired  vibration  dampening/sound  absorbing  capabili- 
ties.  A  thickness  for  adhesive  interlayer  42  within  the  25 
range  of  about  0.05  to  0.08  cm  (0.02  to  0.03  inch)  thick 
has  been  found  to  be  acceptable  for  many  applications. 

The  sound  dampening  material  layer  44  of  the 
present  invention  may  be  any  sound  dampening  mate- 
rial  which  cooperates  with  adhesive  interlayer  42  and  30 
substrate  40  to  provide  a  desired  or  required  degree  of 
vibration  dampening/sound  absorption.  Cooperate  here 
means,  among  other  things,  that  the  sound  dampening 
material  layer  44  is  adhered  to  the  substrate  40  by  the 
adhesive  interlayer  42,  and  remains  so  in  the  rigors  of  35 
flight,  while  providing  an  acceptable  level  of  vibration 
dampening/sound  absorption. 

In  a  preferred  embodiment,  sound  dampening 
material  layer  44  is  a  multilayer  laminate  which  includes 
a  polyvinyl  butyral  base  layer  46  over  which  is  adhered  40 
a  layer  of  polymer  48,  e.g.  polyester,  to  provide  a  vibra- 
tion  dampening/sound  absorbing  laminate.  In  a  pre- 
ferred  embodiment,  an  abrasion  resistant  coating  50  is 
provided  over  the  polymer  48  as  shown  in  Fig.  2. 

Such  a  multilayer  laminate  is  available  from  the  45 
DuPont  De  Nemours  Corporation  of  Wilmington,  Dela- 
ware,  (hereinafter  "DuPont")  under  the  trademarks 
"SentryGlas®"  and/or  "SpallShield®".  The  Sentry- 
Glas®  multilayer  composite  laminate  is  marketed  by 
DuPont  as  a  plastic  composite  material  that  is  laminated  so 
to  glass  to  produce  vandal  and  burglary  resistant  glass. 
More  particularly,  the  DuPont  SentryGlas®  multilayer 
composite  operates  to  prevent  spalling,  which  is  the 
shower  of  razor-sharp  glass  pieces  which  occurs  oppo- 
site  the  side  of  impact  when  a  glass  pane,  particularly  a  55 
tempered  glass  pane  is  broken.  While  it  is  known  to 
laminate  the  DuPont  SentryGlas®  multilayer  composite 
directly  to  a  glass  surface  to  prevent  spalling,  it  has 

been  heretofore  unknown  to  use  such  a  composite  in 
the  particular  arrangement  of  components  of  the 
present  invention  e.g.  with  adhesive  interlayer  42,  sub- 
strate  40,  airspace  32,  outboard  pane  assembly  26  and 
spacer  frame  assembly  30  to  provide  the  vibration 
dampening/sound  absorbing  aircraft  transparency  of 
the  present  invention. 

3010  SentryGlas®  multilayer  composite  sold  by 
DuPont  includes  a  762  urn  (30  mil)  thick  polyvinyl 
butyral  base  layer  46  and  a  1  0  mil  thick  polyester  layer 
48  composite,  has  been  found  to  provide  an  acceptable 
sound  dampening  material  layer  for  the  present  inven- 
tion.  The  mechanism  by  which  the  arrangement  of  com- 
ponents  of  the  present  invention  interacts  to  produce  a 
vibration  dampening/sound  absorbing  aircraft  transpar- 
ency  is  not  yet  completely  understood,  however  the 
vibration  dampening/sound  absorbing  benefits  have 
been  realized. 

Referring  now  to  Fig.  3,  there  is  shown  aircraft 
transparency  57  incorporating  features  of  the  invention 
in  which  the  orientation  of  vibration  dampening/sound 
absorbing  pane  assembly  28  has  been  reversed  relative 
to  its  orientation  in  Fig.  2.  More  particularly,  the  sub- 
strate  40  forms  one  of  the  boundaries  for  the  airspace 
32,  while  the  sound  dampening  material  layer  44  is  ori- 
ented  toward  the  inboard  portion  of  the  aircraft.  Of  the 
alternative  embodiments  shown  in  Figs  2  and  3,  the 
embodiment  of  Fig.  2  is  preferred  because  where  sub- 
strate  40  is  a  glass  substrate  it  is  generally  more  resist- 
ant  to  scratches  or  other  damage  than  when  abrasion 
resistant  coating  50  forms  the  most  inboard  surface. 

In  still  another  embodiment  of  the  present  invention 
as  shown  in  Fig.  4,  aircraft  transparency  60  includes 
vibrations  dampening/sound  absorbing  heatable  pane 
62  which  in  addition  to  the  foregoing  components  dis- 
cussed  above  in  connection  with  vibration  dampen- 
ing/sound  absorbing  pane  28,  includes  a  transparent 
electroconductive  coating  64  between  the  adhesive 
interlayer  42  and  the  substrate  40.  Facilities  66  and  68 
(e.g.  bus  bars  and  lead  wires  as  explained  in  more  detail 
below)  are  in  contact  with  the  electroconductive  coating 
64  and  spaced  from  one  another,  to  pass  electrical  cur- 
rent  through  the  electroconductive  coating  64  to  heat 
the  electroconductive  coating  64  to  remove  or  to  prevent 
the  accumulation  of  moisture,  particularly  fog,  particu- 
larly  on  the  surfaces  of  the  outboard  pane  assembly  26 
and  the  vibration  dampening/sound  absorbing  assem- 
bly  28  in  contact  wit  the  airspace  32.  In  a  preferred 
embodiment,  the  facilities  66  and  68  are  adhered  to  the 
substrate  40  and  the  transparent  electroconductive 
coating  64  is  provided  over  the  substrate  40  and  the 
facilities  66  and  68.  The  preferred  electroconductive 
coating  64  is  a  metal  or  metal  oxide.  The  electroconduc- 
tive  coating  64  may  be  applied  by  any  of  several  meth- 
ods,  including  pyrolysis,  chemical  vapor  deposition  and 
magnetron  sputtering.  Particularly  preferred  is  a  tin 
oxide  electroconductive  coating.  Tin  oxide  electrocon- 
ductively  coated  glass  is  available  from  PPG  Industries, 
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Inc.  of  Pittsburgh,  PA,  and  is  marketed  under  the  trade- 
mark  "NESA®".  Still  more  particularly  preferred  is  an 
indium  tin  oxide  electroconductive  coating.  Indium  tin 
oxide  electroconductively  coated  glass  is  available  from 
PPG  Industries,  Inc.,  and  is  marketed  under  the  trade-  5 
mark  "NESATRON®",  and  is  preferred  because  it  com- 
bines  the  durability  of  the  NESA®  coated  glass  with  the 
efficiencies  of  providing  defogging  and  deicing  proper- 
ties  while  operating  at  lower  voltages. 

The  transparent  electroconductive  coating  64  is  10 
preferably  about  0.002  to  0.130  urn  (200  to  1300  A) 
thick.  The  thickness  of  the  electroconductive  coating  64 
may  be  uniform  or  may  vary  over  the  surface  of  the  sub- 
strate  40  to  accommodate  varying  distances  between 
the  bus  bars  to  promote  uniform  heating.  For  example,  15 
where  the  substrate  40  includes  a  convex  or  concave 
surface,  the  facilities  66  and  68  may  be  in  closer  proxim- 
ity  to  each  other  over  certain  portions  of  the  substrate 
40  and  further  apart  in  others.  When  in  closer  proximity, 
the  electroconductive  coating  64  between  the  facilities  20 
66  and  68  may  be  made  thinner  and  conversely.  Where 
facilities  66  and  68  are  spaced  furthest  apart,  the  elec- 
troconductive  coating  64  may  be  made  thicker  to  pro- 
vide  uniform  heating  of  the  electroconductive  coating  64 
in  the  presence  of  the  applied  electrical  current.  25 

The  facilities  66  and  68  include,  but  are  not  limited 
to  bus  bars  which  may  be  mounted  along  longitudinal 
edges  of  the  substrate  40.  Where  bus  bars  are  used, 
they  may  be  mounted  over  the  substrate  40  by  any  man- 
ner  known  in  the  art  which  produces  a  strong  and  dura-  30 
ble  bond  between  bus  bars  and  the  substrate  40.  Where 
the  substrate  40  is  a  glass  substrate,  bus  bars  com- 
prised  of  silver  or  a  silver  containing  composition  may 
be  bonded  to  the  glass  surface  in  any  manner  known  by 
those  skilled  in  the  art.  Silk  screening  a  silver-containing  35 
emulsion  followed  by  curing  with  heat  provides  an 
example  of  one  process  by  which  silver-containing  bus 
bars  may  be  bonded  to  a  glass  substrate.  A  lead  wire 
(not  shown)  is  connected,  preferably  by  soldering,  to 
each  bus  bar,  and  each  lead  wire  is  in  turn  connected  to  40 
a  source  of  electrical  potential  (not  shown),  in  order  to 
provide  an  electrical  potential  difference  between  the 
bus  bars  which  heats  the  electroconductive  coating  to 
remove  fog,  ice,  frost  and  the  like  that  forms  on  the  air- 
craft  transparency  60.  While  the  dimensions  of  the  facil-  45 
ities  66  and  68  will  vary  with  the  dimensions  of  the 
transparency  as  may  be  appreciated  by  those  skilled  in 
the  art,  silver  bus  bars  about  0.0005  to  0.002  cm 
(0.0002  to  0.0008  inch)  thick  are  acceptable  for  most 
applications.  so 

Adhesive  interlayer  42  is  disposed  over  electrocon- 
ductive  coating  64  and  facilities  66  and  68,  and  func- 
tions  to  adhere  sound  dampening  material  layer  44 
thereover,  as  discussed  above.  While  vibration  damp- 
ening/sound  absorbing  pane  assembly  62  has  been  55 
shown  in  Fig.  4  with  substrate  40  as  the  most  inboard 
surface  of  the  aircraft  transparency,  as  may  be  appreci- 
ated,  in  an  alternative  embodiment  not  shown,  the  ori- 
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entation  vibration  dampening/sound  absorbing  pane 
assembly  28  relative  to  outboard  pane  assembly  26 
may  be  reversed  such  that  sound  dampening  material 
layer  44  forms  the  inboard  surface  of  the  aircraft  trans- 
parency  with  substrate  40  forming  one  of  the  bounda- 
ries  of  airspace  32. 

The  overall  thickness  of  the  improved  aircraft  trans- 
parency  20  of  the  present  invention  from  the  outboard 
surface  of  the  outboard  pane  assembly  26  to  the 
inboard  surface  of  the  vibration  dampening/sound 
absorbing  pane  assembly  28  is  about  3.8  to  6.4  cm  (1  .5 
to  2.5  inches)  thick  depending  upon  the  chosen  thick- 
ness  of  the  airspace  32,  as  discussed  above. 

The  following  is  an  example  of  the  present  inven- 
tion;  however,  as  may  be  appreciated,  the  invention  is 
not  limited  thereto. 

EXAMPLE 

A  curved  and  generally  elliptically  shaped  piece  of 
Herculite®  II  chemically  tempered  glass  available  from 
PPG  Industries,  Inc.,  Pittsburgh,  Pennsylvania,  measur- 
ing  about  51  cm  (20  inches)  wide  x  64  cm  (25  inches) 
long  x  0.20  cm  (0.08  inch)  thick  and  having  its  major 
axis  in  a  generally  horizontal  plane.  The  Glass  was  pro- 
vided  with  a  pair  of  spaced  bus  bars  along  the  neutral 
edges  of  the  elliptical  piece.  The  bus  bars  were  gener- 
ally  in  the  shape  of  semi-circular  strips  and  oriented  in  a 
plane  generally  parallel  with  the  vertical  plane  of  the 
glass.  In  this  orientation,  the  ends  of  each  of  the  spaced 
bus  bars  were  generally  in  closer  proximity  to  each 
other  than  their  respective  mid-sections.  The  bus  bars 
were  provided  as  a  silver-containing  emulsion  which 
was  applied  via  a  silk-screening  process  over  a  portion 
of  the  surface  of  the  Herculite®  II  glass.  Each  bus  bar 
measured  about  0.63  cm  (0.25  inch)  wide  by  51  cm  (20 
inches)  in  length  along  the  radius  of  curvature  by  0.001 
cm  (0.0005  inch)  thick.  The  glass  substrate/bus  bar 
assembly  was  heated  in  an  oven  at  an  elevated  temper- 
ature  in  the  range  of  about  65°C  (150°F)  to  about  260°C 
(500°F)  for  about  90  minutes  to  bond  the  bus  bars  to  the 
piece.  The  above  described  assembly  was  then  over- 
coated  with  an  indium  tin  oxide  coating  which  was 
formed  over  the  assembly  by  magnetron  sputtering.  The 
thickness  of  the  electroconductive  coating  was  varied 
from  about  0.0020  urn  (200A)  where  the  ends  of  the 
respective  bus  bars  were  in  closest  proximity  to  each 
other  to  about  0.1300  urn  (1300A)  where  the  bus  bars 
were  spaced  furthest  from  each  other  in  order  to  obtain 
uniform  heating  of  the  electroconductive  coating  in  the 
presence  of  applied  electrical  potential.  A  second  pair  of 
spaced  bus  bars  having  about  the  same  dimensions  as 
the  first  pair  of  bus  bars  previously  described  was  then 
applied  by  the  above-described  silk  screening  process 
over  the  electroconductive  coating  directly  over  each  of 
the  bus  bars  previously  provided.  The  second  pair  of 
bus  bars  was  bonded  to  the  electroconductive  coating 
by  heating  the  assembly  in  an  oven  at  an  elevated  tem- 
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perature  in  the  range  of  about  65°C  (150°F)  to  about 
260°C  (500°F)  for  about  90  minutes.  The  pairs  of 
spaced  bus  bars  were  used  to  obtain  uniform  heating  of 
the  electroconductive  coating.  A  first  lead  wire  was  then 
soldered  to  each  of  the  second  pair  of  bus  bars. 

An  adhesive  interlayer  was  deposited  over  the 
above-described  value  of  a  sheet  assembly.  The  adhe- 
sive  interlayer  was  a  0.08  cm  (0.03  inch)  thick  sheet  of 
polyvinyl  butyral  which  had  been  cut  to  the  approximate 
dimensions  of  the  glass  substrate  and  was  then  placed 
over  the  assembly. 

A  sound  dampening  material  layer  was  provided 
over  the  adhesive  interlayer.  The  sound  dampening 
material  layer  was  a  sheet  of  3010  SentryGlas®  com- 
posite  available  from  DuPont  De  Nemours  Corporation 
of  Wilmington,  Delaware,  which  had  similarly  been  cut 
to  the  approximate  dimensions  of  the  glass  substrate. 

The  above  described  assembly  was  laminated  by 
placing  the  assembly  in  an  autoclave  at  148°C  (300°F) 
and  forcing  the  assembly  together  with  approximately 
137.9  x  104  Pa  (200  pounds  per  square  inch,  hereinaf- 
ter  "psi")  pressure  for  a  period  of  about  45  minutes, 
whereupon  the  surfaces  of  the  adhesive  interlayer 
became  tacky  and  laminated  to  provide  the  vibration 
dampening/sound  absorbing  pane  assembly. 

An  outboard  pane  assembly  was  provided  as  fol- 
lows.  An  outboard  acrylic  layer  of  stretched  acrylic, 
measuring  about  51  cm  (20  inches)  wide  by  64  cm  (25 
inches)  long  by  0.99  cm  (0.39  inch)  thick  was  obtained. 
The  outboard  pane  was  provided  with  a  radius  of  curva- 
ture  of  about  1  1  9  cm  (47  inches)  by  forming  at  a  temper- 
ature  of  about  98.9°C  (210°F)  for  6  hours  at  a  vacuum 
of  about  948  mbar  (28  inches).  Similarly,  an  inboard 
acrylic  layer  of  stretched  acrylic,  measuring  about  51 
cm  (20  inches)  wide  by  64  cm  (25  inches)  long  by  0.51 
cm  (0.20  inch)  thick  was  obtained  and  was  provided 
with  a  radius  of  curvature  of  about  1  19  cm  (47  inches)  in 
the  vacuum  mold  described  above  at  about  the  same 
time,  temperature  and  vacuum  as  the  above-described 
outboard  acrylic  layer,  to  form  an  inboard  acrylic  layer 
having  a  shape  generally  congruent  with  that  of  the  out- 
board  acrylic  layer.  An  interlayer  of  a  sheet  of  polyvinyl 
butyral  about  0.06  cm  (0.025  inch)  thick  was  cut  to  the 
approximate  dimensions  of  the  inboard  acrylic  layer. 
The  interlayer  was  interposed  between  the  inboard 
acrylic  layer  and  the  outboard  acrylic  layer,  and  the 
assembly  was  placed  in  an  autoclave  at  a  temperature 
of  about  99°C  (21  0°F)  under  pressure  of  about  1  37.9  Pa 
(200  psi)  for  a  period  of  about  3  hours  to  laminate  the 
assembly  to  form  the  outboard  pane  assembly. 

The  vibration  dampening/sound  absorbing  pane 
assembly  and  the  outboard  pane  assembly  were  placed 
in  a  spacer  frame  assembly  which  held  the  pane 
assemblies  in  parallel  spaced  apart  relationship  to  form 
an  airspace  of  about  3.01  cm  (1  .22  inches)  in  thickness 
between  the  vibration  dampening/sound  absorbing 
pane  assembly  and  the  outboard  pane  assembly  to 
form  an  aircraft  transparency  in  accordance  with  the 

present  invention. 
The  vibration  dampening/sound  absorbing  defog- 

ging  aircraft  transparency  assembled  as  described 
above  was  installed  in  an  airframe  and  was  subjected  to 

5  flight  evaluation  and  observation  under  actual  flight  con- 
ditions.  The  aircraft  transparency  was  found  to  have 
vibration  dampening/sound  absorbing  and  defogging 
properties  at  least  as  good  as  that  of  known  aircraft 
transparencies. 

10  The  aircraft  transparency  of  the  present  invention 
has  several  advantages  over  those  known  in  the  art  as 
described  above.  It  is  lighter  in  weight,  less  complex  to 
manufacture,  less  expensive  to  manufacture,  and 
requires  fewer  components  to  provide  vibration  damp- 

15  ening/sound  absorbing  properties,  and  optionally,  deic- 
ing/defogging/defrosting  properties  at  least  as  effective 
as  the  more  complex  aircraft  transparencies  now  known 
in  the  art  as  described  above. 

As  may  now  be  appreciated,  the  above  embodi- 
20  ments  of  the  invention  were  presented  for  purposes  of 

illustration  and  are  not  limiting  to  the  invention.  The 
scope  of  the  invention  disclosed  herein  is  defined  by  the 
following  claims. 

25  List  of  reference  numbers: 

20  transparency 
22  arrow 
24  arrow 

30  26  outboard  pane  assembly 
28  sound  absorbing  assembly 
30  spacer  frame  assembly 
31  optional  frame 
32  air  space 

35  33  gasket 
34  first  acrylic  ply 
36  interlayer 
38  second  acrylic  ply 
40  substrate 

40  42  adhesive  interlayer 
44  sound  damping  material 
46  base  layer  of  butyral 
48  polymer  layer 
50  abrasion  resistant  coating 

45  57  aircraft  transparency 
60  aircraft  transparency 
62  heatable  pane 
64  electroconductive  coating 
66/68  facilities/bus  bars 

50 
Claims 

55 

A  vibration  dampening  sound  absorbing  aircraft 
transparency  (20,57,60)  comprising: 

an  outboard  pane  assembly  (26), 
a  vibration  dampening/sound  absorbing  pane 
assembly  (28), 

7 



13 EP  0  869  057  A2 14 

a  spacer  frame  assembly  (30)  for  retaining  said 
outboard  pane  (26)  and  said  vibration  dampen- 
ing/sound  absorbing  pane  (28)  in  spaced-apart 
generally  parallel  facing  relationship  and  pro- 
viding  an  airspace  (32)  between  said  outboard 
pane  (26)  and  said  vibration  dampening/sound 
absorbing  pane  (28). 

2.  The  aircraft  transparency  of  claim  1  wherein  the 
vibration  dampening/sound  absorbing  pane  assem- 
bly  (28,62)  including  a  plurality  of  layers  (40,42,44) 
laminated  together  with  at  least  one  of  the  layers 
(44)  having  sound  dampening  properties. 

3.  The  aircraft  transparency  of  claim  1  or  2  wherein 
said  vibration  dampening/sound  absorbing  pane 
assembly  (28,62)  is  a  laminate  comprising  a  sub- 
strate  (40),  an  adhesive  interlayer  (42)  deposited 
over  the  substrate  (40)  and  a  sound  dampening 
material  layer  (44)  deposited  over  said  adhesive 
interlayer  (42)  and  adhered  to  the  substrate  (40)  by 
the  adhesive  interlayer  (42). 

4.  The  aircraft  transparency  of  claim  2  or  3  wherein 
the  sound  dampening  material  layer  (44)  is  a  lami- 
nate  comprising  a  polyvinyl  butyral  layer  (46)  and  a 
polymer  (48)  disposed  over  and  in  contact  with  said 
polyvinyl  butyral  layer  (46). 

5.  The  aircraft  transparency  of  claim  4  wherein  said 
polymer  (48)  is  a  polyester. 

6.  The  aircraft  transparency  of  any  of  claims  2  to  5 
wherein  said  sound  dampening  material  layer  (44) 
further  comprises  a  layer  of  an  abrasion  resistant 
coating  (50)  disposed  over  and  in  contact  with  said 
polyester  polymer  layer  (48). 

7.  The  aircraft  transparency  of  claim  3  wherein  said 
adhesive  interlayer  (42)  is  selected  from  the  group 
consisting  of  polyvinyl  butyral  and  urethane. 

8.  The  aircraft  transparency  of  claim  7  wherein  said 
polyvinyl  butyral  adhesive  interlayer  (42)  is  0.051  to 
0.08  cm  (0.02  to  0.03  inch)  thick. 

9.  The  aircraft  transparency  of  claim  3  wherein  said 
substrate  (40)  is  a  glass  substrate  and  is  0.15  cm  to 
0.30  cm  (0.06  to  0.12  inch)  thick. 

10.  The  aircraft  transparency  of  claim  7  wherein  said 
glass  is  a  chemically  tempered  glass. 

11.  The  aircraft  transparency  of  claim  10  wherein  said 
chemically  tempered  glass  substrate  (40)  is  about 
0.20  cm  (0.078  inch)  thick. 

1  2.  The  aircraft  transparency  of  any  of  claims  2  to  1  1 

further  comprising  a  transparent  electroconductive 
coating  (64)  interposed  between  said  adhesive 
interlayer  (42)  and  said  substrate  (40)  and  a  means 
(66,68)  for  applying  electrical  current  to  said  elec- 

5  troconductive  coating  (64)  to  heat  said  electrocon- 
ductive  coating  (64). 

13.  The  aircraft  transparency  of  claim  12  wherein 
means  (66,68)  for  applying  electrical  current  to  said 

10  electroconductive  coating  (64)  comprises  a  pair  of 
bus  bars  bonded  to  said  substrate  (40)  in  spaced- 
apart  parallel  relationship  along  the  longitudinal 
edges  of  said  substrate  (40). 

15  14.  The  aircraft  transparency  of  claim  12  wherein  said 
transparent  electroconductive  coating  (64)  is 
selected  from  tin  oxide  and  indium  tin  oxide. 

15.  The  aircraft  transparency  of  claim  12  wherein  said 
20  transparent  electroconductive  coating  (64)  is  0.002 

to  0.130  urn  (200  to  1300  Angstroms)  thick. 

16.  The  aircraft  transparency  of  claims  1  or  2  wherein 
said  outboard  pane  (26)  is  a  laminated  pane  com- 

25  prising  an  inboard  acrylic  layer  (34),  an  outboard 
acrylic  layer  (38)  and  an  interlayer  (36)  interposed 
between  and  adhering  together  said  inboard  acrylic 
pane  (34)  and  said  outboard  acrylic  pane  (38). 

30  17.  The  aircraft  transparency  of  claim  16  wherein  said 
inboard  acrylic  layer  (34)  is  stretched  acrylic  and  is 
0.51  cm  to  1  .02  cm  (0.2  to  0.4  inch)  thick,  said  out- 
board  acrylic  layer  (38)  is  stretched  acrylic  and  is 
0.51  to  1  .02  cm  (0.2  to  0.4  inch)  thick  and  said  inter- 

35  layer  (36)  is  polyvinyl  butyral  and  is  0.06  to  0.13  cm 
(0.025  to  0.05  inch)  thick. 

18.  The  aircraft  transparency  of  claims  2  or  3  wherein 
said  vibration  dampening/sound  absorbing  pane 

40  (28,62)  is  retained  by  said  spacer  frame  assembly 
(30)  with  said  sound  dampening  material  layer  (44) 
disposed  toward  said  airspace  (32). 

19.  The  aircraft  transparency  of  claims  2  or  3  wherein 
45  said  vibration  dampening/sound  absorbing  pane 

(28,62)  is  retained  by  said  spacer  frame  assembly 
(30)  with  said  substrate  (40)  disposed  toward  said 
airspace  (32). 

so  20.  A  vibration  dampening/sound  absorbing  pane  (28) 
comprising: 

a  substrate  (40); 
an  adhesive  interlayer  (42)  disposed  over  the 

55  substrate  (40);  and 
a  sound  dampening  material  layer  (44)  dis- 
posed  over  and  adhered  to  said  adhesive  inter- 
layer  (42)  wherein  said  sound  dampening 
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material  layer  (44  is  a  laminate  comprising  a 
layer  (46)  of  polyvinyl  butyral  disposed  over 
and  in  contact  with  said  adhesive  interlayer 
(42),  a  layer  (48)  of  a  polyester  polymer  dis- 
posed  over  and  in  contact  with  said  polyvinyl  5 
butyral  layer  (46),  and  a  layer  (50)  of  an  abra- 
sion  resistant  coating  disposed  over  and  in 
contact  with  said  polyester  polymer  layer  (48). 

21.  A  heatable  vibration  dampening/sound  absorbing  10 
pane  (62)  comprising: 

a  substrate  (40); 
an  electroconductive  coating  (64)  deposited 
over  the  substrate  (40);  15 
a  means  (66,68)  for  applying  electrical  current 
to  said  electroconductive  coating  (64)  to  heat 
said  electroconductive  coating  (64); 
an  adhesive  interlayer  (42)  disposed  over  the 
electroconductive  coating  (64);  and  20 
a  sound  dampening  material  layer  (44)  dis- 
posed  over  and  adhered  to  said  adhesive  inter- 
layer  (42)  wherein  said  sound  dampening 
material  layer  (44)  is  a  laminate  comprising  a 
layer  (46)  of  polyvinyl  butyral  and  a  layer  (48)  of  25 
a  polyester  polymer  disposed  over  and  in  con- 
tact  with  said  polyvinyl  butyral  layer  (46),  and  a 
layer  (50)  of  an  abrasion  resistant  coating  dis- 
posed  over  and  in  contact  with  said  polyester 
polymer  layer  (48).  30 

20 

25 
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